Combined antiretroviral therapy results in sustained viral suppression and a decrease in mortality and morbidity due to HIV infection. Intrinsic strength, durability and absence of crossresistance are key factors in the selection of antiretrovirals. Failure with nelfinavir has been associated with two protease gene mutations, D30N and L90M. The D30N mutation does not result in cross-resistance with other protease inhibitors, and it decreases viral fitness. In order to check for this mutation after failure with nelfinavir, the 246 HIV-1 genotyping test was performed on virus samples from 55 patients with failure of nelfinavir as the first protease inhibitor. Most (84%) of the viral strains were of subtype B. Nucleosides associated with mutations (NAM) were observed in 80% of the tests; no INS69, complex 151, K65R and L74V mutations, which give multi-resistance to nucleoside analogue reverse transcriptase inhibitors to tenofovir and DDI, respectively, were observed. In the tests for protease gene mutations, the D30N mutation was found in 57%, L90M in 18% and the wild-type virus in 25%. These data are similar to published reports, showing that alternative therapies used after failure with nelfinavir may be more successful, as the D30N mutation does not cause cross-resistance to other protease inhibitors.
Combined antiretroviral therapy results in significant viral suppression [1, 2] , with a decrease in morbidity and mortality related to HIV-1 infection [3, 4] . However, therapeutic efficacy has been threatened by the appearance of resistant viral strains [5, 6] , which occur more frequently in patients receiving a decreased efficacy antiretroviral regimen (e.g., double therapy) or in those with unsatisfactory conformance [7, 8] . While intrinsic strength and the duration of the efficacy of the treatment regime are the main factors taken into consideration for the selection of antiretrovirals, the absence of cross-resistance, in order to preserve future treatment options, is another important aspect of treatment choice [9] . Different mutations may be selected for after exposition to different antiretrovirals within the same class. Among the mutations in the protease gene, the primary ones appear in the initial phase of therapeutic failure. Sometimes, they are specific to each drug; while the secondary (or compensatory) mutations appear later and have similar effects on the drugs of this class [10, 11] . When there is an accumulation of these mutations, the possibility of cross-resistance is increased.
The replacement of asparagine by aspartic acid at position 30 of the protease gene (D30N) is the main mutation that appears after failure with nelfinavir; and according to a number of authors [9, [12] [13] [14] , it is the only one caused by this drug, thus not inducing crossresistance. Also, the D30N mutation decreases the capacity of viral replication (viral fitness), when compared to wild-type viral strains [15] . However, the L90M mutation (replacement of methionine by leukine), which occurs in some cases of therapeutic failure with nelfinavir [9, [12] [13] [14] , causes cross-resistance to all drugs of this class [16, 17] ; the therapeutic response in these cases is worse than in patients presenting the D30N mutation [18] . In this situation, a change to a regimen with non-nucleoside analogue reverse transcriptase inhibitors, or with protease inhibitors boosted by ritonavir, seems to be the best option.
With the establishment of the National Net of HIV Genotyping (RENAGENO) by the National Program of STD/AIDS of the Ministry of Health, the profile of the mutations occurring after failure of nelfinavir as the first protease inhibitor in our setting became available. This net has been operating since February 2002. Within this context, the Project "GERAIS" -Grupo de Estudos em Resistência aos anti-retrovirais [Study Group on Resistance to Antiretrovirals] was created, with the main purpose of contributing to the evaluation of the efficacy of this new technology. Our study was proposed in this context, with the primary objective of evaluating the characteristics of the HIV-1 genotyping test after therapeutic failure. Its secondary objectives include: phylogenetic analysis of HIV-1 and determination the of protease gene mutations, detection of mutations related to nucleosides (NAM) and the time of use of ARV, and the number of secondary mutations and their relation to duration of treatment. Only the tests of patients at first failure, having nelfinavir as the first protease inhibitor (PI), preceded by double or triple therapy with nonnucleoside analogue reverse transcriptase inhibitors (nNRTI) (n=55) were included in our study.
Materials and Methods

Two
The mutations were interpreted using the manufacturer's data (Applied Biosystems, Foster City, California, USA), the International AIDS Society analysis [19] , and the RENAGENO algorithm. The mutations at the following positions were considered primary mutations in the protease gene: 30, 46, 48, 50, 82 (except for V82I), 84 
The descriptive measures were calculated as percentages, with mean, minimum, maximum and standard deviation.
The comparisons of the time (duration) of antiretroviral therapy (TARV) were performed using the Mann-Whitney test or the Kruskal-Wallis test. The alpha level for significance was 5%.
Results
Fifty-five HIV-1 patients for which nelfinavir failed as the first PI were genotyped The TARV ranged between 10 and 72 months, with a mean of 34 months, a median of 30 months and standard deviation of 17.6.
Among the 55 patients, 55% (30) had already used double therapy with NRTI or triple therapy with nNRTI and the rest (46% -25) were in first therapeutic failure. In the evaluation of HIV subtype (Figure 1) , most of them (84%) had subtype B, 7% had subtype F and 9% had a recombinant subtype.
Among the patients, 82% (45) presented reverse transcriptase (RT) gene mutations. The mutations associated with nucleosides (NAM) were found in 35 patients; most of them had three to five NAM. The mutation at position 184 was found in 38 patients (69%). The mutations at positions 69 (insertion), 151, 65 and 74, which are related to multi-resistance to NRTI (INS69 and complex 151), resistance to tenofovir and DDI, respectively, were not found (Table 1 ). Among the 55 patients, 41 (75%) presented primary mutations related to nelfinavir; most of these had the D30N mutation (31 = 57%) ( Figure 2 , Table  2 ). No significant relation was found between the characteristic of the primary mutation to nelfinavir and the HIV-1 subgroup (Table 3 ). The mean TARV tended to increase as the number of secondary mutations to the PI increased (Table 4) .
Discussion
Most patients had HIV-1 subtype b, though a phylogenetic analysis was not been performed in 12 patients. In the analysis of reverse transcriptase gene mutations, the mutations related to phenotypic multiresistance to the drugs of this class, INS69 and complex Q151M, were not seen. The K65R and L74V mutations, related to phenotypic resistance to tenofovir, were also not seen.
Among the primary mutations related to nelfinavir, D30N was observed in 31 (57%) of the 55 patients. No protease gene mutation was seen in the remaining 14 patients. Various other studies [9, 12, 13, 14] have also shown that this mutation is the most frequent in cases of failure of nelfinavir therapy; there was low cross-resistance with other PIs and facilitated therapeutic rescue. However, though there is indication of a decreased viral replication capacity with the D30N mutation [15] , the clinical benefits of this condition are still unknown. There was a tendency towards a greater number of secondary mutations with increased TARV, though it was not statistically significant.
In conclusion, it remains unclear whether there should be an immediate ARV substitution after the finding of this mutation, because of the risk of quickly exhausting the still-limited available therapeutic arsenal. On the other hand, such a substitution could avoid an accumulation of secondary mutations, avoiding resistance to all drugs of this class. It will be necessary to pursue clinical end points to answer these questions. 
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